Chilled embryos of pelicans, Pelecanus erythrorhynchos, begin to vocally solicit parental heat at the pipped-egg stage. Honest signalling models predict that if vocal heat solicitation is a true reflection of need, then solicitation should be costly and costs should increase with the embryo's need for warmth. Using open-flow respirometry, we measured the metabolic costs associated with vocal heat solicitation by exposing embryos to either a decreasing or increasing series of body temperatures, ranging from 25 to 37.8 C. We measured baseline costs (stable temperature, embryo silent) and costs associated with cold-induced calling at each temperature. At natural incubation temperature (37.8 C), call rates and costs associated with calling were negligible, as was thermal need. Metabolic costs relative to baseline costs and costs per call increased with thermal need as body temperature declined. Absolute metabolic costs increased between 37.8 and 35 C, then remained stable down to 25 C. Call rates increased as embryos were chilled within the range of temperatures most frequently experienced in nature (35-37.8 C), then decreased significantly for all lower temperatures, probably owing to reduced overall metabolic rate at lower temperatures (25-37.8 C). The results generally support the honest signalling prediction that vocal heat solicitation is metabolically costly, and that costs increase with need.
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presented a theory and model of parent-offspring conflict that predicts there will be a period when natural selection acting on an offspring favours its solicitation of more care than the parent is selected to provide. Godfray (1991) also presented a model relevant to parent-offspring conflict, but from a somewhat different perspective. His model suggests that the level of offspring solicitation can be a true reflection of the offspring's needs as long as solicitation is costly and that the benefits of resources received increase with the need of the offspring. Godfray's model assumes that offspring need is not static, and that offspring will increase their level of costly solicitation if their physical need increases.
At the pipped-egg stage, embryos of altricial American white pelicans, Pelecanus erythrorhynchos, begin to make 'squawk' vocalizations, especially when chilled (Evans 1988 (Evans , 1992 . Altricial avian embryos are ectothermic (Vleck & Vleck 1996) , and these vocalizations are thought to elicit incubation/brooding behaviour in parents (Evans 1988 (Evans , 1990a (Evans , 1992 . It has been shown in previous studies that not only do pelican embryos vocalize to solicit heat when chilled, but they are also quite efficient at vocally regulating their body temperature with the help of a natural or a surrogate parent (Evans 1988 (Evans , 1990a . Although several studies have shown that parental incubation/brooding behaviour is metabolically costly (Mertens 1980; Vleck 1981; Walsberg 1983; Haftorn & Reinertsen 1985) , some have reported that incubation/ brooding costs are negligible (Walsberg & King 1978a, b) . No measurements are available to date on the cost of brooding in white pelicans, which typically lay two eggs (Evans & Knopf 1993) . However, pelicans at the pippedegg stage are commonly left exposed for brief periods as parents move about the nest. Embryos then call and parents alter their incubation/brooding behaviour (Evans & Knopf 1993); these movement patterns and the resultant losses of body heat to the eggs may represent an energetic cost to the parents. If so, the cost of brooding by parents and the cost of an offspring's solicitation for brooding may generate conditions for conflict between parents and offspring. An honest signalling resolution of this conflict can be evolutionarily stable (Godfray 1991) .
Avian embryos at the pipped-egg stage that vocalize in response to chilling provide a simple, readily controllable system to study the metabolic costs of vocal heat solicitation in relation to thermal need. Because the embryos are still within the confines of the egg shell, they
